We present VLBI images and kinematics of water maser emission in three active galaxies: NGC 5728, Mrk 1, and IRAS 08452−0011. IRAS 08452−0011 is a triple-peaked H 2 O megamaser, consistent with a Keplerian rotating disk, indicating a black hole mass of (3.2±0.2)×10 7 M ⊙ . NGC 5728 and Mrk 1 display double-peaked spectra and VLBI imaging reveal complicated gas kinematics, which do not allow for a robust determination of black hole mass. The two systems are either gas disks perturbed by AGN winds or part of outflows. We find that disturbed morphology and kinematics are a ubiquitous feature of all double-peaked maser systems, implying that these maser sources may reside in environments where AGN winds are prominent at ∼1 pc scale and have significant impact on the masing gas. Such AGN tend to have black hole mass M BH < 8×10 6 M ⊙ and Eddington ratios λ Edd 0.1, while the triple-peaked megamasers show an opposite trend.
INTRODUCTION
Luminous 22 GHz H 2 O megamaser emissions from circumnuclear environments in active galaxies (Lo 2005) present a unique tool to reveal the gas distribution and kinematics at the subparsec scale of active galactic nuclei (AGN). In so-called disk maser systems, such as NGC 4258 (e.g. Herrnstein et al. 1999) , the gas resides in a subparsec scale, thin disk viewed almost edge-on (i.e. disk inclination greater than 80 • ) and follows nearly perfect Keplerian rotation. These disk properties not only allow a measurement of the mass of the supermassive black hole (BH) with an accuracy at the percent level, the geometrical/kinematic information of a disk maser can also be modeled to give precise determination of the Hubble constant (e.g. Reid et al. 2013; Kuo et al. 2013; Kuo et al. 2015; Gao et al. 2016) .
In a typical survey of H 2 O megamasers 1 , a disk maser candidate can usually be identified if the spectrum shows the characteristic triple-peaked profile, i.e. the spectrum displays three distinct maser line complexes that correspond to the redshifted, systemic 2 , and blueshifted components of disk masers (e.g. Kuo et al. 2011) .
In addition to the triple-peaked sources, there are also maser galaxies (e.g. Mrk 1210; Zhao et al. 2018) 1 One can find all of H 2 O megamaser galaxies discovered so far and their maser spectra in the following website : https://safe.nrao.edu/wiki/bin/view/Main/PublicWaterMaserList 2 The systemic masers refer to the maser spectral components having velocities close to the systemic velocity of the parent galaxy which display only two maser line complexes, which are blueshifted and redshifted with respect to the recession velocities of these galaxies. This type of megamaser can arise when the systemic maser features are too faint to be detected (e.g. ESO269−G012; Greenhill et al. 2003a ). Alternatively, it can also occur either when there is an outflow in a disk maser system (e.g. Circinus; Greenhill et al. 2003b ) 3 or when masers arise in an AGN wind (e.g. NGC 5278 in this paper; see section 3.3). While the lack of strong systemic maser lines excludes the possibility of using these systems for determinations of the Hubble constant (e.g. Reid et al. 2013; Kuo et al. 2013; Gao et al. 2016) , double-peaked masers could still be used to measure BH mass (M BH ) with an accuracy sufficient for constraining the M BH − σ * relation (Ferrarese & Merritt 2000; Gebhardt et al. 2000; Gütekin et al. 2009 , Greene et al. 2016 , and references therein) if the masers arise from a rotating disk, such as the masers in the Circinus Galaxy (Greenhill et al. 2003b ).
We also find H 2 O megamasers that display only a single maser line complex, and we classify this kind of systems as single-peaked megamasers. A well-known maser galaxy of this type is NGC 1052, in which the 22 GHz H 2 O masers arise either from a circumnuclear dense molecular cloud subject to slow, non-dissociative shocks from radio jets (Claussen et al. 1998 ) or from an X-ray dissociation region (XDR; Neufeld et al. 1994; Neufeld & Maloney 1995) , which lies close to the inner surface of the torus surrounding the central black hole (Kameno et al. 2005; Sawada-Satoh et al. 2008; Sawada-Satoh et al. 2016 ).
In the past decade, the Megamaser Cosmology Project (MCP; Reid et al. 2009a; Braatz et al. 2010 ) mainly focused on the triple-peaked objects in order to measure H 0 and M BH with the highest accuracy. As a result, the double-peaked and single-peaked megamasers have been less explored. Since there is only a small number of case studies (Claussen et al. 1998; Greenhill et al. 1997 Greenhill et al. , 2003 Kondratko, Greenhill, & Moran 2005) for these systems, the physical natures of the double-peaked and single-peaked megamasers are less well understood.
In this paper, we provide detailed imaging of two double-peaked objects (NGC 5728 and Mrk 1) based on Very Long Baseline Interferometry (VLBI), and we study whether or not their maser features are associated with rotating gas disks. Also, we provide the VLBI image and kinematics of a triple-peaked maser galaxy, IRAS 08452−0011, which has a distance of 213±15 Mpc 4 . Studying a distant maser system like this is valuable, because such galaxies are in the Hubble flow such that peculiar motions which contaminate H 0 determinations become negligible. Furthermore, such sources allow us to check whether the H 2 O megamaser technique can be applied to galaxies beyond 200 Mpc for H 0 and M BH determination with present sensitivity and angular resolution.
In section 2, we present our sample of galaxies, VLBI observations and data reduction. In Section 3, we show the VLBI images and position-velocity diagrams of the three megamaser galaxies, followed by discussion of the nature of two double-peaked systems. We also measure the BH mass for the distant triple-peaked megamaser. In section 4, we will investigate the physical causes that lead to different spectral characteristices. The summary of our results is presented in section 5.
THE SAMPLE, OBSERVATION, AND DATA REDUCTION

The Maser Galaxy Sample
The maser galaxies we study in this paper include NGC 5278, Mrk 1, and IRAS 08452−0011. The H 2 O masers in Mrk 1 and NGC 5728 were first discovered in maser surveys conducted by Braatz et al. (1994) and Braatz et al. (2004) , respectively, whereas water maser emission in IRAS 08452−0011 was discovered in a survey as part of the MCP in 2013. Table 1 lists the coordinates, recession velocities, spectral and morphological types for these galaxies. Their maser spectra measured with the 100-m Green Bank Telescope (GBT) 5 are shown in Figure 1 .
The left two panels of Figure 1 show the representative spectra of NGC 5728 and Mrk 1. Both spectra display two distinct line complexes that are blueshifted and redshifted with respect to the recession velocities of the galaxies as indicated with blue arrows. These are candidates for BH mass measurements, because such systems could be triple-peaked disk maser systems with weak systemic masers (e.g NGC 6323; see Kuo et al. 2011) .
The top-right panel of Figure 1 shows the maser spectrum of NGC 5728 taken 10 days before our VLBI observation; there is a prominent feature at velocity 2738 km s −1 (∼60 mJy) which could be a systemic maser. This line arises sporadically from time to time over our ∼10 year monitoring of this source. The bottom-right panel shows the spectrum of IRAS 08452−0011, which clearly shows the triple-peaked profile of a Keplerian disk maser. This galaxy has a larger recession velocity than the majority of triple-peaked H 2 O masers discovered so far (see Table 1 in Kuo et al. 2018a ).
Observations and Calibration
The megamaser galaxies in our sample were observed between 2009 and 2015 with the Very Long Baseline Array (VLBA) 6 , augmented by the GBT and in one case by the Effelsberg 100-m telescope 7 . Table 2 lists basic information regarding the observations.
We observed the megamasers either in a phasereferencing or self-calibration mode.
With phasereferencing we perform rapid switching of the telescope pointing between the target source and a nearby (< 2.5 • ) phase calibrator (every ∼50 seconds) to correct phase variations caused by the atmosphere. The phase calibrators used in our phase-referencing observations and their angular separations from the target sources are listed in the last two columns in Table 2 . The absolute positions of the three maser sources derived from our phase referencing observations are shown in Table 1 .
In a self-calibration observation, we use the brightest maser line(s) to calibrate the atmospheric phase. This removes the need to rapidly switch sources, improving calibration and increasing on-source time. For all observations, we placed geodetic blocks at the beginning and end of the observations to solve for atmosphere and clock delay residuals for each antenna (Reid et al. 2009b) . We also observed a nearby delay calibrator about every 50 minutes to calibrate the single-band delay caused by the electronic phase offsets among and across intermediate frequency (IF) bands. In addition, a strong continuum source was observed twice in each track to calibrate the bandpass shape.
We observed four IF pairs for NGC 5728 and two IF pairs for Mrk 1 in dual circular polarization with IF bands of 16 MHz and channel spacings of 62.5 kHz. For NGC 5728, two IF bands were used to cover the blueshifted and redshifted maser line complexes, respectively, and one IF band for the ∼60 mJy maser feature cooperative agreement between the National Science Foundation (NSF) and the Associated Universities, Inc.
6 The VLBA is a facility of the National Radio Astronomy Observatory, which is operated by the Associated Universities, Inc. under a cooperative agreement with the National Science Foundation (NSF). 7 The Effelsberg 100-m telescope is a facility of the Max-Planck-Institut für Radioastronomie Table 2 ). c The position of the maser spot at Vop = 16043.8 kms −1 . a VLBA: Very Long Baseline Array; GB: The Green Bank Telescope of NRAO b "Self-cal." means that the observation was conducted in the "self-calibration" mode and "Phase-ref." means that we used the "phasereferencing" mode of observation. c The angular separation between the phase calibrator and the target source. Note. at 2738 km s −1 . The IF band which does not cover any maser emission was used to detect the radio continuum from the nucleus of NGC 5728. For Mrk 1, two IF bands were used to cover the blueshifted and redshifted masers. In the case of IRAS 08452−0011, we observed two IF pairs in dual polarization with a new (Mark 5C) recording system, which allowed us to cover the entire maser spectrum with two 128 MHz bands. Using the "zoomband" mode of the DiFX correlator (Deller et al. 2007 ), we achieved spectral channel of 24 kHz for the maser data by re-correlating five 24 MHz sections in this manner.
We calibrated the data using the NRAO Astronomical Image Processing System (AIPS), following the procedures described in Kuo et al. (2011) .
RESULTS
VLBI Images and Position−Velocity Diagrams
The measured velocity, position, and peak intensity of each individual maser spot detected in NGC 5728, Mrk 1, and IRAS 08452−0011 are shown in Table 3 , 4, and 5. Figures 2, 3, and 4 show the VLBI images and the position-velocity (P−V) diagrams of the H 2 O masers in NGC 5728, Mrk 1, and IRAS 08452−0011, respectively. The VLBI maps and P−V diagrams are color-coded to indicate redshifted (red color), blueshifted (blue color), and systemic masers (green color). We impose 5σ flux density cuffoffs of 9.5, 4.0, and 11.0 mJy beam −1 for maser spots in NGC 5728, Mrk 1, and IRAS 08452−0011, respectively. For NGC 5728 and Mrk 1, the position uncertainties of the maser spots are either comparable or smaller than the symbol size.
Due to the lack of systemic maser components in the double-peaked maser systems, the maser maps of NGC 5728 and Mrk 1 are dominated by the redshifted and blueshifted masers. The absence of the systemic masers make it difficult to locate precisely the dynamical centers (presumably the positions of the BHs) of these two maser systems. We tried fitting a Keplerian rotation model to the P−V data, but as shown later this failed. Therefore, we assumed that the dynamical centers are located at the average positions of all maser spots and calculate the impact parameter of each individual maser spot, which is defined as projected offset of the maser spot along the assumed disk planes relative to the dynamical center in the VLBI maps.
In the case of the triple-peaked source IRAS 08452−0011, we locate the dynamical center by performing a three dimensional disk modeling (e.g. Reid et al. 2013; Gao et al. 2016 ) of the maser system. The P−V diagram is then plotted relative to dynamical center found in the best-fit disk model.
Search For Continuum Emission
We searched for continuum emissions from the vicinities of the supermassive BHs (i.e., near the systemic masers) in our megamaser galaxies by averaging the linefree spectral channels in our data and imaging with natural weighting to maximize the detection sensitivity. We detected no continuum emission in all megamaser galaxies presented in this paper. The central frequencies and the total spectral widths of the selected maser line-free channels used for channel averaging as well as the continuum upper limits are listed in Table 6 .
3.3. The Nature of the Maser System in NGC 5728 NGC 5728 is an active galaxy that hosts a Type II AGN. It is known for its spectacular biconical ionization cone seen in the optical emission line images (Wilson et al. 1993) , which has an extent of 1.8 kpc. Such an ionization cone (Durré & Mould 2018 ) is thought to be caused by AGN winds driven by radiation pressure or winds from the accretion disk, with the axis of the biconical cone structure co-aligned with the rotation axis of the accretion disk. The evidence for the ionization cone tracing a bipolar outflow can be seen in the kinematics of the gases in the bicone (Durré & Mould 2019) , which show clear signatures of acceleration in the velocity maps and position-velocity diagrams. Wilson et al. (1993) reported that the apex of the ionization cone, which reflects the location of the obscured active nucleus, is at the same location of the radio nucleus 8 measured by Schommer et al. (1988) . This position agrees with that of the masers (see Table 1 ) measured by our VLBI observation and is consistent with the picture that the H 2 O maser disk is at the center of the AGN, surrounded by an obscuring torus (Masini et al. 2016) .
The left panel of Figure 2 shows the H 2 O maser distribution in NGC 5728. The black arrow in the plot represents the projected axis of the northwestern ionization cone reported in Wilson et al. (1993) whereas the two dashed lines indicate the opening angle (∼60 • ; Wilson et al. 1993 ) of the ionization cone. As one can see in this plot, except for the three maser spots shown by open red circles, the maser distribution follows a quasi-linear distribution which resembles a nearly edge-on warped maser disk. The three open circles may represent outflowing maser spots lifting off from the disk. If our disk interpretation is correct, the inner and outer radii of the disk are 0.38 pc and 0.82 pc, respectively, and the position angle of the disk (P.A.) 9 is 244 degrees. The size of the disk would be consistent with the typical size of maser disks shown in Gao et al. (2017) .
While the maser distribution in NGC 5728 is consistent with masers being in a disk, the rotation curve is not similar to that of other maser disks (e.g. Greenhill et al. 1997 , 2003 , Reid et al. 2009a Kuo et al. 2011; Gao et al. 2017 , Zhao et al. 2018 ). In the right panel of Figure 2 , we show the maser velocity as a function of the impact parameter, which is defined as projected (cylindrical) distance of a maser spot relative to the rotation axis. Here, the rotation axis is defined as the axis perpendicular to the assumed disk plane indicated by the line best-fit to the positions of the blueshifted and redshifted masers without including the maser spots represented by the open circles. From this plot, it can be seen that instead of falling with increasing magnitude of the impact parameter as seen for Keplerian rotation, the velocities of the blueshifted and redshifted masers increase with their projected radii. If the gravity of the central supermassive BH dominates the dynamics of the maser spots and the maser spots reside in a thin disk, then the rising rotation curve could be explained by line-of-sight projections of maser spots confined to a narrow annulus, just like the systemic masers in NGC 4258 (Herrnstein et al. 1999 ). However, long velocity-coherent path lengths, necessasry for strong maser amplification, are not favored for such a configuration.
We note that a thin annulus in a Keplerian system is not the only way to produce a rotation curve that rises linearly with radius. An alternative model which can give rise to the solid-body like rotation seen in NGC 5728 is that the masers could originate in a wide-angle magenetocentrifual wind (e.g. Blandford & Payne 1982; Proga 2000; Ouyed & Pudritz 1997; Ustyugova et al. 1999; Krasnopolsky, Li, & Blandford 1999) which is launched from a disk. In the example of the young stellar object Orion Source-I (e.g. Matthews et al. 2010; Goddi et al. 2011; Greenhill et al. 2013) , which shows evidence for the presence of a magnetocentrifugal disk wind, the outflowing gas traced by Si 18 O line emission also reveals a linearly rising velocity as a function of impact parameter (see Figure 2 in Hirota et al. 2017) . This suggests that the wind is corotating with the gas ring in the circumstellar disk (Hirota et al. 2014) .
Wind rotation is expected in a magnetocentrifugal disk The open red circles show the maser spots which are likely to be the outflow component of the maser system. The position of the dynamical center of the maser system is assumed to be the average position of all maser spots indicated by the cross. The black arrow represents the projected axis of the northwestern ionization cone reported in Wilson et al. (1993) . The dashed lines indicate the opening angle (∼60 • ) of the ionization cone. The error bar of the maser position is not drawn here. Its value is either comparable or smaller than the symbol size. Right Panel : The position−velocity diagram of the maser system. The vertical axis shows the maser velocity with respect to the recession velocity of the galaxy shown in Table  1 .
wind (e.g. Proga 2000; Ouyed & Pudritz 1997; Ustyugova et al. 1999; Krasnopolsky, Li, & Blandford 1999) because the magnetic field lines threading the outflow gas are anchored to a rotating disk. This leads to a well-known feature of a magnetocentrifugal wind − the conservation of the specific angular velocity of the gas (Proga 2000) . That is, if a maser clump is outflowing from a foot point in the mid-plane of a Keplerian disk at radius is r 0 and Keplerian velocity is v k , the rotational velocity will be v φ = (r ′ /r 0 )v k when it reaches a radius of r ′ (Kashi et al. 2013 ). In such a situation, a linearly rising rotation curve can arise when the outflowing gas follows roughly the same magnetic streamlines. Alternatively, such a rotation curve can also appear if the outflow is launched from a thin annulus in a Keplerian disk as in the case of the Si 18 O outflow in Orion Source I (Hirota et al. 2017 ).
In addition to providing an explanation for a rising rotation curve, a magnetocentrifugal wind can explain other data. The overall velocity extent of the NGC 5728 masers is small ( 400 km s −1 ) compared to most Keplerian maser disk systems (∼1000 km s −1 ; Kuo et al. 2011; Gao et al. 2016 Gao et al. , 2017 Zhao et al. 2018 ), suggesting that the masers are located further away from the nucleus than we see for accretion-disk masers. Also, the maser distribution on the sky displays a curved shape with both ends pointing toward the same direction. This is inconsistent with a symmetrical warping as is common in disk masers. The NGC 5728 configuration is reminiscent of the masers in Circinus (Greenhill et al. 2003b ), where only one side of the outflow is observed and the other side is thought to be blocked by the disk. For NGC 5728, this would imply that the northwestern ionization cone is coming towards us. Indeed, when one examines the gas kinematics in the northwestern ionization cone, one can see that the gas is blueshifted (see Figure 3 & 4 in Durré & Mould 2019), supporting the picture that the masers in NGC 5728 are part of the bipolar outflow approaching toward the observer. To estimate the BH mass of this maser system which has non-Keplerian kinematics, we note that the rotational velocities of the masers will be v φ = (r ′ /r 0 )v k if the masers follow a magnetocentrifugal wind as we suggested for NGC 5728. Assuming that the wind corotation only occurs when the wind still lies close to the disk (see Section 2.3 in Proga 2000), one can infer that r ′ ∼ r 0 . In this case, v φ would be comparable to the Keplerian velocity, and one can thus use the enclosed mass M enc ≡ (r ′ v 2 φ )/G to estimate the BH mass 10 . After calculating the enclosed mass M enc at each radius of the blueshifted and redshifted maser spots, we adopt the average value M avg enc = (4.4±2.6)×10 6 M ⊙ as the BH mass estimate. The uncertainty in the adopted value corresponds to the standard deviation of the enclosed masses measured from different maser spots.
The Nature of the Maser System in Mrk 1 :
Outflow or Perturbed Disk ? Mrk 1 is a Seyfert 2 galaxy at a distance of 62 Mpc. Analysis of an X-ray spectrum from XMM-Newton observations (Guainazzi, Matt, & Perola 2005) suggests that Mrk 1 hosts a Compton-thick nucleus where the majority of disk maser systems tend to reside Zhang et al. 2010; Masini et al. 2016 ). However, our VLBI observation shows that the maser distribution in Mrk 1 is clearly inconsistent with masers residing in a thin disk viewed nearly edge-on.
As one can see in the top-left panel of Figure 3 , while the blueshifted masers cluster at two spatially displaced clumps, the majority of the redshifted maser spots appear to be distributed along a curve reminiscent of a bow shock. This could give a hint that the masers may be part of a bipolar molecular outflow propagating along the north-south direction, with the redshifted masers tracing the front of the bow shock which occurs when the outflow is impinging into the ambient gas. However, we find that this interpretation is inconsistent with the finding from Kamali et al. (2019) , who discovered a radio jet propagating in a direction with P.A. of 113 • ± 5 • (indicated by the black arrow in the left panel of Figure 3 ) over a length of ∼30 pc. The jet orientation is apparently far from being co-aligned with the direction of the suggested gas outflow 11 . This argues against the interpretation of an outflow propagating in the north-south direction.
Instead of interpreting the masers being part of an outflow, one could interpret the maser distribution as a perturbed disk. In the top-left panel of Figure 3 , we draw a dashed line which goes through the (unweighted) average positions of the redshifted and blueshifted masers, respectively. If we define this line at P.A. = 3 • as the plane of a thick disk (the five redshifted maser spots with negative east offsets could be outflowing gas components lifting from the disk), then we will have a rotation axis of the disk which is offset from the jet propagation direction by only 20 • , well within the offset distribution re-10 G indicates the gravitational constant 11 The relative position between the masers and the jet can be seen in Figure 1 in Kamali et al. (2019) ported by Greene et al. (2013) and Kamali et al. (2019) . Adopting this interpretation, we assume that the dynamical center of the disk is located at the average position of all maser spots (green cross in the top-left panel of Figure 3 ). The corresponding P−V diagram is shown in the top-center panel of Figure 3 . Here, we adopt the recession velocity (V sys = 4781 km s −1 ) of Mrk 1 from NED (see Table 1 ) and fold the velocities as well as the impact parameters of the maser spots by plotting their magnitudes. We do so in order to better reveal the differences of the velocity distributions between the redshifted and bluedshifted masers.
The P−V diagram shows that the velocities of the blueshifted maser spots are consistent with a Keplerian rotation (the dashed line in the diagram) for a central BH mass of M BH = 4×10 6 M ⊙ . On the other hand, the P−V diagram also shows that the kinematics of the redshifted masers are far more complicated than those of the blueshifted masers and inconsistent with Keplerian rotation. The velocity distribution of these maser spots can be separated into two groups, each with speed increasing with the absolute value of the impact parameter. In addition, the velocities of the redshifted maser spots are systematically lower than those of the blueshifted masers. We find no simple models that can explain this kind of kinematic distribution.
Nevertheless, we note that the peculiar velocity offsets between the blueshifted and the redshifted masers can be reduced significantly if one shifts the dynamical center toward the blueshifted masers by 1.15 mas along the assumed disk plane, with the new dynamical center marked by the yellow star in the top-left panel. The P−V diagram constructed relative to the new center (see the top-right panel of Figure 3 ) shows that the maser velocity distribution is now better consistent with Keplerian rotation (the dashed line in the diagram) with a BH mass of M BH = 1.0×10 6 M ⊙ . Although the deviations from Keplerian rotation are reduced substantially, systematic offsets from the Keplerian rotation still exist for several blueshifted and redshifted maser spots, suggesting the presence of non-gravitational perturbations in this maser system.
In addition to defining the dynamical center position in the ways described above, we speculate that it is also possible to locate the dynamical center based on the spatial distribution of the redshifted masers. Assuming that the one-dimensional structure delineated by most of the redshifted features traces a shock front and the perturbation which causes the shock originates from the vicinity of the dynamical center, we speculate that the line originating from the jet and the line perpendicular to the shock front (shock perpendicular hereafter) could be extrapolated to find an intersection which indicates the BH location. To find the shock perpendicular, we first fit a section of a circular arc to the putative shock front traced by the redshifted masers, followed by defining the shock perpendicular to be the symmetry axis of the best-fit arc. The intersection of the shock perpendicular and the line extended from the jet axis is shown by the green triangle in the bottom-left panel of Figure 3 .
Assuming this point to be the dynamical center, we define the new disk plane to be the line passing through the new center and the average position of the blueshifted Kamali et al. (2019) . The dashed line shows the assumed maser disk plane, which is defined by the line joining the average positions of the blueshifted and redshifted masers, respectively. The error bar of the maser position is not drawn here because its value is either comparable or smaller than the symbol size. Top-center Panel :
The position−velocity diagram of the maser system, with the impact parameter evaluated with respect to the assumed dynamical center shown by the cross in the left panel. masers, whose spatial distribution well align with the new disk plane. The P.A. of the new plane is −13.5 • , which is offset from the jet axis by 36.5 • , roughly consistent the offset distributions reported by and Kamali et al. (2019) . In the bottomcenter panel of Figure 3 , we show the P−V diagram constructed relative to the new center and disk plane. This diagram shows that while the velocity distribution of the blueshifted masers is consistent with Keplerian rotation (the dashed line in the diagram) with a central BH mass of M BH = 3.5×10 6 M ⊙ , the redshifted masers still show kinematics which suggest the presence of nongravitational perturbation. Adopting the new dynamical center and disk plane does not reduce the complexity of the maser kinematics.
While the perturbed maser kinematics of Mrk 1 and the uncertainty of dynamical center position prevent us from achieving a reliable BH mass measurement, our analysis shown above suggests that the BH mass is on the order of a few times 10 6 M ⊙ . In section 4, we will adopt the mean value M BH = (2.8±1.3)×10 6 M ⊙ of the three enclosed masses inferred from Figure 3 as a proxy for the BH mass.
Note that when we use this BH mass estimate in our discussion in Section 4, one should be aware of the assumption that non-gravitational motion is set to be neg-ligible when we evaluate the enclosed masses in Mrk 1. If the maser disk in Mrk 1 is indeed perturbed by AGN winds substantially as we infer in the above discussion, it is plausible to expect that gas pressure supports from winds could lead to a systematically lower BH mass when the maser velocities are assumed to be entirely gravitationally-driven. This is because the supports from AGN winds allow the gas to maintain in a particular orbit with a smaller orbital velocity (see Equation 10 in Kuo et al. 2018b ) to resist the gravitational pull. Therefore, the BH mass estimated based on the observed velocities in this wind-perturbed system would likely to be underestimated. The same caution should also be applied to all double-peaked maser systems discussed in Section 4 because nearly all of these systems are likely to be wind-perturbed maser disks as we will show in the discussion section.
3.5. BH Mass Measurement with IRAS 08452−0011 IRAS 08452−0011 is a Seyfert 2 galaxy at a distance of 213±15 Mpc. It is one of the three farthest disk maser candidates 12 which lie beyond ∼200 Mpc. Before our present work, the most distant disk maser that has been imaged with VLBI is NGC 6264 (Kuo et al. 2011) . The modeling of the maser disk in this galaxy gives a distance of 144±19 Mpc .
In the left panel of Figure 4 , we show the spatial distribution of the maser spots in IRAS 08452−0011, which is consistent with the general expectation for a maser disk (e.g. Kuo et al. 2011; Gao et al. 2017) . Rather than being intrinsically thick, the apparent thickness of the disk is caused by the relatively large position uncertainties of the maser spots, which appear to be significant in IRAS 08452−0011 simply because the maser disk at the distance of 213 Mpc only has a radius of 0.5 mas and is smaller than other maser disk systems that have been imaged (e.g. Kuo et al. 2011; Gao et al. 2017; Zhao et al. 2018) . The position uncertainties shown in Figure 4 are actually comparable with the position errors of the masers in NGC 5728, which are negligible compared to the size of the maser disk shown in Figure 2 .
To obtain the BH mass and disk properties in this system, we adopt a Bayesian approach to model the maser disk in three dimensions (see Reid et al. 2013; Humphreys et al. 2013 ; Gao et al. 2016 ) with a fitting code developed in Reid et al. (2013) . In this approach, the disk modeling code tries to adjust model parameters and minimize the residuals of the position (x, y), velocity, and acceleration for each maser spot. Global model parameters involved in the modeling include the Hubble constant (H 0 ), black hole mass (M BH ), recession velocity of the galaxy (V sys ), and other parameters that describe the orientation and warping of the disk.
When modeling the disk, we assume that the highvelocity maser components reside at the mid-line of the disk and have zero centripetal accelerations along the line-of-sight. In addition, we fix the Hubble constant to be H 0 = 70 km s −1 and adopt a flat disk model. Furthermore, we added estimates of systematic uncertainty 12 The other two disk maser candidates with D 200 Mpc are Mrk 34 and 2MASX J01094510−0332329 (or J0109−0332 in the MCP maser catalog) have heliocentric recession velocities of 15292±12 km s −1 and 16396±30 km s −1 , respectively (the values are adopted from NED).
(error floors) in quadrature with the formal uncertainties. For the x and y data, we adopt an error floor of 0.02 mas. For maser velocity, we adopt 1.8 km s −1 as the error floor. Finally, we add 311 km s −1 to the observed velocities of all maser spots in order to reference the maser velocities from the LSR frame to the CMB frame.
Our best fit shows that the position angle P.A. and the inclination i of the maser disk are P.A. = 209±3 • and i = 89±4 • , respectively. The reduced χ 2 ν achieved in our disk modeling is 1.257. Our fit gives a BH mass of M BH = (3.2±0.2)×10 7 M ⊙ for IRAS 08452−0011, and the dynamical center position obtained from the fit (x 0 = −0.351±0.012 mas; y 0 = 0.103±0.017 mas) is shown by the yellow star in the left panel of Figure 4 . In the right panel of Figure 4 , we plot the the P−V diagram for IRAS 08452−0011, where the dashed line indicates the Keplerian rotation curve calculated based on the best-fit BH mass.
Our analysis shown here demonstrates that one is able to apply the H 2 O megamaser technique to galaxies beyond 200 Mpc for BH mass measurement with an accuracy of better than ±10%, well sufficient for constraining the M BH − σ * relation. Based on our current analysis of IRAS 08452−0011, which has high-velocity maser flux densities of ∼ 40 mJy (see Figure 1 ), we infer that BH measurements are feasible up to distances of ∼400 Mpc (z ∼0.1) with 40 hours observing using the VLBA, augmented with the GBT. At such a distance, if the BH mass in a disk maser system is ∼10 7 M ⊙ , the angular size of the maser disk 13 would shrink by a factor of ∼2 relative to IRAS 08452−0011, but the maser disk can still be well-resolved if the flux densities of maser lines also increase by a similar factor.
Beyond 400 Mpc (z 0.1), the applicability of the megamaser technique for BH mass measurements would be substantially hampered by sensitivity. With simple estimation, one can show that such measurement would require the total maser luminosity L H2O of a disk maser system to be greater than ∼10000 L ⊙ . However, the number of galaxies with such extreme maser luminosities is negligible in the local Universe (see Table 1 in Kuo et al. 2018a) .
Regarding the Hubble constant determination, our result for IRAS 08452−0011 suggests that applying the maser technique to galaxies with distances beyond 200 Mpc would be difficult in the near future if one aims to determine an H 0 to better than 10% accuracy with a single maser galaxy. Our crude estimate based on our modeling of the maser disk in NGC 6323 (Kuo et al. 2015) shows that one would need at least a few hundreds of hours of observing time to achieve sufficient maser position accuracy to allow a 10% H 0 measurement with IRAS 08452−0011. Nevertheless, the inclusion of the next generation Very Large Array (ngVLA; McKinnon et al. 2016) in future VLBI observations is promis- ing to bring about an order of magnitude improvement in sensitivity which will enable a 1% H 0 measurement by efficiently measuring ∼10% (∼7%) distances to 100 (50) maser galaxies with the H 2 O megamaser technique (Braatz et al. 2019) . With the substantially enhanced sensitivity provided by the ngVLA, it would become possible to make a 10% H 0 measurement efficiently for galaxies beyond 200 Mpc, including IRAS 08452−0011. In addition, it will also facilitate the extension of the application of the megamaser technique to galaxies beyond 400 Mpc for BH mass measurements because the necessity of extremely high maser luminosity (i.e. L H2O >10000 L ⊙ ) will be significantly weakened.
DISCUSSION
The Association between Perturbed Disk and AGN
Winds In the previous sections, we see that the masers in the double-peaked H 2 O megamaser systems NGC 5728 and Mrk 1 have substantially different maser distributions and kinematics in comparison with those of thin, edgeon Keplerian maser disks such as NGC 4258. While the spatial sizes of these two double-peaked maser systems are similar to the typical sizes of triple-peaked maser disks (Gao et al. 2017) , their spatial distributions do not directly reveal that the H 2 O masers reside in thin, unperturbed, gas disks. In addition, their kinematics are unusual and do not trace Keplerian rotation curves that would allow reliable fitting of BH masses.
These differences argue against the double-peaked megamasers in NGC 5728 and Mrk 1 being simply triplepeaked disk masers in which the systemic maser lines are significantly weaker than the high-velocity masers.
In order to investigate whether this is a general property of double-peaked H 2 O megamasers, we collect from the literature all megamaser systems whose spectra are dominated by two distinct line complexes and have the VLBI maser maps and kinematic measurements needed that allow estimates of the enclosed mass. The references from which we obtain the maser maps and BH/enclosed mass estimates are shown in Table 7 .
We first note that their maser distributions and kinematics are similar to those of NGC 5728 and Mrk 1, with some, or all, of the maser features tracing a roughly linear distribution on the sky that suggests a disk. However, the degree of scatter seen in the maser distributions often allows for alternative interpretations, such as the presence of outflows. Moreover, no P−V diagram can be described by a "clean", smoothly varying rotation curve. Even if the maser velocity falls as a function of radius, the large intrinsic scatter (e.g. Mrk 1210; see Zhao et al. 2018) in the rotation curve prevents reliable fitting of the BH mass. One can often obtain, at best, a tentative estimate of the enclosed mass as in NGC 5728 and Mrk 1.
From the above comparison, we see evidence that the H 2 O masers in the double-peaked systems tend to reside in dynamically perturbed gas disks. It is likely that nongravitational forces such as AGN winds have stronger impact on the masing gas in the double-peaked megamasers than in the triple-peaked maser systems, leading to different maser distributions and kinematics.
Indeed, when we look at the multi-wavelength imaging of the double-peaked systems, we can always see evidence for AGN winds or jets in comparison with the triplepeaked systems. For example, prominent jets which have physical extents ranging from a few to ∼30 parcsec can be seen in the double-peaked maser systems NGC 3079, Mrk 1, and Mrk 1210 (Kondratko et al. 2005; Kamali et al. 2019) . In NGC 5728, one can even see a kpc-scale collimated radio jet propagating in the direction that aligns with the ionization cone (Durré & Mould 2018) which traces a bipolar outflow. In the Circinus galaxy, a prominent H 2 O maser outflow is reported in Greenhill et al. (2003) .
On the other hand, for the triple-peaked maser systems listed in Table 7 , radio jet imaging conducted by Kamali et al. (2019) shows that radio emission at milliarcsecond scale is either absent (e.g. UGC 3789, NGC 6323, NGC 6264) or shows a structure that does not necessarily reflect the presence of a jet (e.g. NGC 2273, Mrk 1419). This suggests that the two types of megamasers may arise from dynamically different environments, with the double-peaked megamasers possibly residing in AGN where winds/outflows are prominent on a ∼1 pc scale (i.e. the typical size of maser disks) and have greater impact on the dynamics of the masing gas.
The λ Edd − M BH Diagram
In order to evaluate the relative impacts of AGN winds on the double-peaked and triple-peaked H 2 O megamaser disks, it is helpful to compare the Eddington ratio (λ Edd ) and the AGN bolometric luminosity (L bol ) between these two types of maser systems. In recent studies of AGN feedback, it is found that properties of AGN winds are well-correlated with either the AGN power or accretion efficiency. Woo et al. (2016) and Kang et al. (2017) show that the fraction of AGN which reveal clear signatures of ionized gas outflows (i.e. the non-gravitational components of the [OIII] linewidths) increase rapidly as L bol and λ Edd goes up. In addition, Fiore et al. (2017) demonstrate that the mass outflow rate, wind kinetic power and the maximum wind velocity of both ionized and molecular gas show strong positive correlations with the AGN power. Furthermore, Cicone et al. (2014) and Combes et al. (2014) indicate that the outflow momentum of a molecular wind also increases with the AGN luminosity. Finally, from the theoretical point of view, Giustini & Proga (2019) show that in AGN with λ Edd is 0.1−0.25, the radiation pressure becomes large enough to allow the production of strong, persistent disk winds whereas for AGN with λ Edd 0.1, only a relatively weak or "failed" disk wind could occur. Therefore, if the double-peaked megamasers are systems more disturbed by AGN winds, one might expect to see a correlation in these maser systems with L bol or λ Edd . We now investigate this possibility.
In Figure 5 , we plot L bol (the left panel) and λ Edd (the right panel) as a function of M BH for the twenty H 2 O megamaser systems listed in Table 7 , with the triplepeaked and double-peaked megamasers color-coded in blue and red, respectively. The AGN bolometric luminosities L bol of these maser systems are mainly derived using the absorption-corrected intrinsic 2-10 keV X-ray luminosities of the AGN. When reliable X-ray luminosities are not available for a particular source, we use the [OIII] luminosity to infer L bol . The bolometric corrections we adopted and the references for the X-ray/[OIII] luminosities are described in the table note.
In the left panel of the Figure 5 , one can see that there is no strong correlation between AGN luminosities and the two types of maser systems. On the other hand, the L bol −M BH diagram reveals that the triple-peaked maser disks tend to have BH masses greater than 8×10 6 M ⊙ over the outflow picture. The enclosed masses in NGC 5728 and Mrk 1 are estimated to be M enc = (4.4±2.6)×10 6 M ⊙ and (2.8±1.3)×10 6 M ⊙ , respectively. Because of perturbation and pressure support from winds, the BH mass estimate for Mrk 1 is likely to be underestimated.
2. The maser distribution and kinematics in IRAS 08452−0011 are consistent with a gas disk with Keplerian rotation. Modeling of the disk in three dimensions gives a BH mass of M BH = (3.2±0.2)×10 7 M ⊙ . This measurement demonstrates that the H 2 O megamaser technique can be applied to galaxies beyond 200 Mpc for BH mass measurements.
3. Disturbed maser distributions and kinematics are a ubiquitous feature of all double-peaked maser systems, in which signatures of AGN outflows or winds appear to be more prominent than in triplepeaked megamasers, suggesting that the disturbed maser distribution and kinematics are associated with AGN winds which occur on a ∼1 pc scale.
4. The double-peaked and triple-peaked maser systems show distinctly different distributions in the λ Edd −M BH diagram. The triple-peaked masers tend to have λ Edd < 0.1 while the double-peaked sources show an opposite trend. This supports the picture that double-peaked systems tend to reside in an environment where the circumnuclear gas has a higher chance to get disturbed dynamically because of a more prominent wind. On the other hand, in a triple-peaked maser system, the AGN wind becomes less prominent, allowing the disk to be dominated by the gravity of the BH and enabling the gas to follow Keplerian rotation.
